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Translation  (Frsneh-Erglish)  St.  T-122-1 
3G33SaS£I^L  EENAXUJC-  WZ3  PROIJUCTICE  0?  Protein  and,  7ZXSCS  TSSSEBtZES 

3y  A.  ChaajagEat,  Ch.  Verne*.  B.  Laine,  and  J.  Pilosa* 

Section  TV  -  Paper  4,  -  PD  10  Prance,  £363) 

Abstract .  '>Tha  culture  of  aicroorganl  ms  on  petroleum  erubrferatea  has  been 
studied  with  a  vlev  of  porodnoiag  protein  and  vitamin  concentrates  suitable 
far  animal  aad  Inman  eonsusnption.  Owing  to  the  fart  th*t  such  ssicro-orgar-ixxs 
selectively  nstabolise  paraffinic  hydrocarbons,  the  distillates  so  treats 
are  thoroughly  dewaxed.  Usually  one  part  of  protein- vitamin  eon  cent  rates 
and  9  parts  of  very  lew  pour  point  gas  oil  are  produced  from  10  parts  by 
weight  of  heavy  gas  oil. 

The'  proteins  In  auab  aanoentrates  an  particularly  rldh  In  tbs  aaslno- 
atids  inditpsaiafcla  to  life  eiiah  are  only  found  In  animal  proteins.  2»ir 
use  with  canals  produces  compound  foods  having  a  balanced  nutritional 
value.  Tea  presence  of  a  high  protein  of  growth  vitamin*  ionuu  their 
food  ralua. 

Toe  profitability  of  the  pgrooess  la  • abetted  by  tbs  upgrading  of  the 
oil  frarticn*  as  a  result  of  their  being  freed  frat  wax. 

It  is  shoes  that  the  production  pc*<*5tial 
t  Kid  aaka  gooi  tbs  prases*  world  shortage  of 
etasenphi-aa  in  a  abort  apace  of  time  and  at  a 


of  pretties  free  petrcle* 
animal  pretstaa  fxr  teoaa 
o-apetltlre  price .  (  > 
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In  195?  n  microbiological  research  organisation  «u  set  up  art  the  labora¬ 
tory  of  Laver*  belonging  to  the  Soclerte  Trancaise  dee  Petrol**  BP  (The  Trench 
subsidiary  of  British  Petrolatto) .  Its  purpose  vas  to  study  the  action  of 
micro- wganisas  on  bydrocafbonates,  and  especially  on  the  categories  of  hydro- 
carbonates  which  result  .from  the  refining  of  crude. 

The  research  aimed,  and  still  aims,  at  developing  new  means  of  refining 
and  selection  which  had  not  yet  led  to  results  usable  by  the  industry.  But 
they  quickly  rede  the  authors  realize  the  following  fundamental  facta: 

1)  ftxwrous  aduroorganisas  lire  end  grow  with  hydrocarbons  as  ttae  sola 
ecriroe  of  oarbcn  and  energy.  Oertein  species  flourish  in  the  dacaatatlon 
basin*  of  ell  refining  plant  a,  in  the  mater  at  the  bottom  of  oil  tanks.  In 
the  oil-saakmd  terrains,  and  area  malar  the  asphalted  eurfaoe  of  roads.  Wa 
have  especially  isolated  pseudomonas  end  certain  yeasts.  Those  aloro-argaaiams 
are  aalnly  sarobioua  organisms .  fbay  aoooaodate  themselves  <jOite  well  to  ran 
petroleum  substrates,  which  coot  ala  the  various  classes  of  hydrocarbon*  end 
their  impurities. 

2)  The  eardbloue  nlnrn  nrgeniees  which  have  been  studied  seXeetlvely 
amtebdlae  essentially  straight -chela  perefflnlo  hydrocarbon*. 

5)  Those  microorganisms  form  a  living  matter.  Therefore  they  are  more 
or  lass  rich  in  proteins .  Petrolev*  can  thus  become  e  source  of  proteins, 
whloh  ere  the  moat  lndispenaehle  element  in  the  diet  of  men  end,  animals,  and 
the  one  which  they  lack  moat. 

These  ocostetetlane  drew  the  fxwmevaxfc  at  the  study  whlsh  the  preseat 
ooBBmioatiom  represents,  l.e.  the  biosynthesis  of  proteins  from  petroleum. 
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It  oust  first  of  til  be  recalled  that  scientific  literature  regarding 
the  growth  of  micro-organisms  at  the  expense  of  hydrocarbons  is  abundant. 

The  work*  at  J.C.  Senes  and  of  his  aides  regarding  the  hactariaa  caydisstion 
mechanism  of  paraffinic  hydrocarbon*  oust  especially  be  mentioned  (l). 

Bat,  while  the  previous  publication*  regarding  the  growth  of  micro¬ 
organisms  at  the  expense  cf  hydrocarbons  bare  had  a  fundamental,  or  academical 
character,  the  present  work  proceeds  from  a  decidedly  industrial  concept. 

The  latter's  ala  is  to  achieve,  in  viable  technical  and  economic  conditions, 
the  aass -product Ion  of  proteins  from  ace-refined  parte  of  petroleum.  She 
d* -waxing  of  thoae  parts  1 s  a  coesequeaoe  of  fermentation,  Which  re  presents 
in  evident  Interest  for  oil  people.  It  mas  therefore  necessary  alto  to 
explore  its  possibilities. 

HEROISM  raKHREAIXC* 

Before  prooeeding  any  further,  we  eball  recall  soma  fundamental  actions 
In  this  new  technique  which  opens  for  oar  Industry.  The  el  arc -organism 
represent  live  setter.  Uhe  the  plants  and  the  animals,  they:  - 

Only  can  live  la  the  presence  of  water. 

They  need  food:  carton,  eioto,  phosphorus,  potassium,  magnesium,  sod 
numerous  oilgo-elmamnta. 

The  aeroblou*  microbes  breathe  oxygen,  whioh  lane  that  the  etwSmrtioc 
of  a  part  of  their  oerton  provides  the  energy  needed  for  the  synthesis  of 
the  living  cell  matter,  with  discharge  of  COg  and  ^jO. 

Their  growth  csft  so  requires  growth  fact  are  such  as  vitamins,  ate. 

They  reproduce  t hematites  by  burgeoning  or  by  eposrulstion- 
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Tbslr  constitution  depends  on  tbs  conditions  sod.  on  tbs  medium  of  culture, 
and  also  on  tbs  lx  slims  nt  at  Ion.  It  Is  posslbls  to  obtain  "fat"  calls  rich,  in 
lipids,  or  'loan'  ansa  rich  in  protoins. 

iTbsir  growth  nay  bs  hsapared  or  stopped  by  poisoning. 

They  die  and  then  they  rot, 

Tt  is  possible  to  retard  or  prevent  their  putrefaction  by  cold,  by  anti¬ 
septics  or  by  aasas  of  dssslcstlcn. 

Those  are  the  general  lavs  of  11  vs,  Which  rule  the  fomentations  In 
general,  end  also  the  Fomentation  of  Petroleum. 

The  fomentation  industry  nay  do  tvo  things: 

a)  Cultivate  micro-organism  in  order  to  harvest  than  and  to  use  than  such 
as  —  that  is  ehat  Is  dona  la  our  case  —  or  It  can  extract  fros  than  boss 
valuable  products  (vltealns,  ssilnn  anlils.  etc.]). 

b)  Separate  cor  extract  tbs  products  achieved  by  the  sUcro- organism  In 
tbs  aqueous  culture  asdla.  This  flald  is  also  open  to  tha  petroleum  industry. 

RCOIXIXCFID  TOXFIVS  TO  THE  FSMKA9X0V  OF  HEROIMK 

Mi  Halt  ourselves  hare  to  tbs  asrobluvis  fares  citation. 

1.  Scuroe  of  carton. 

Sugars  and  generally  tbs  carton  hydrates  which  are  soluble  la  water  are 
tbs  source  of  carton  and  energy  of  tha  traditional  fermentations. 

3c  hi*  patrol*®  fomentation,  the  touro*  of  carton  and  aoargy  lias 
s^lsly  In  bydrooartona,  geo* rally  noreal  paraffinic  anas. 

Petrosas  fares  station  tbsrefcre  oocnrs  la  a  medium  with  8 
had*  'title  phases!  aqueous  mm  divas  ad  hrdrooartaas.  That  Is  Its  sain 
dlffi  xUty  frog  tbs  point  of  wise  of  cjt* iaal  caglnserlag. 
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2.  Oxygen  needs  and.  yield 

The  raw  formula,  off  the  matter  vhich  cooatltutee  the  cells  of  the  micro- 
^organism  la  roughly  C  Hg  0,  azote  (7  to  15jt),  phoaphorua  and  other  mineral 
Iona  being  a  art  aside.  When  thay  are  cultivated  on  substrate  of  oaibcn 
hydrates  of  tba  forenila  (aHg°)a  (t),  oxygen  la  seeded  Is  order  to  provide 
the  regulrasents  of  energy  for  the  growth  vhloh  prodnoee  00g  and  but 
there  la  practically  bo  oxygen  fixated  on  tba  call  matter.  When  one  starts 
from  paraffinic  hydrocarbons  of  the  rough  formula  (CBg)a  *•  substrate,  In 
order  to  obtain  GBgO,  one  needs  an  0  atom  par  CSs  grouping  in  order  to 
constitute  the  natter  of  the  oall.  Therefore  this  setter  finally  contains 
In  selgbt  lA  parts  originating  froa  tydxooartons  for  aaoh  16  parts  origina¬ 
ting  from  the  air.  If  the  resctlai  occurred  without  use  of  energy,  one 
would  obtain  around  200  parts  of  oall  setter  far  each  100  parts  of  satabollsed 
hydrocarbons. 

Such  la  sot  the  aaaa,  for  cos  peart  of  the  Metabolised  hydrocarbon*  Is 
eoasueed  by  the  respiration  of  the  oall,  with  production  of  00b  and.  XgO 
and  of  the  energy  needed  by  the  synthases  which  have  ooourred. 

Ih  practice  100  paxts  of  metabolised  parafflnle  hydrocarbon*  produce 
100  parte  of  oall  setter  and  tba  rest  is  used  as  fuel  far  the  biosynthesis. 

In  tba  traditional  oultura  of  yeasts  with  sugars  as  substrate,  we  obtain 
only  JO  parts  of  cellular  natter  for  100  parte  of  sugar  oasstsed.  As  e 
oodsegnenoe,  there  5s  ssrfcsd  advantage  to  proteee  osllalar  setter  with 
bgrdroeaxhoos,  slnoe  one  fixes  oxygen  froa  the  air.  But  evidently  one 
ooosesas  acre  of  it.  Qtte  aunt  therefore  have  a  particularly  well  designed 
saohealss  for  the  distribution  of  six  la  tbs  nutritive  sedlua. 
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3.  Separation  and.  washing. 

Tm  traditional  fomentation  produces  an  aqueous  medium  which  hold*  In 
sutfjaasioa  tha  calls  of  nicro-organlms .  The  separation  Is  achieved  by  aaaas 
of  centrifugation  or  by  filtration.  The  cells  are  washed  with  water  one*  or 
twice  and  separated  fren  the  aqueous  medium  by  centrifugation  or  filtrsrticn. 

They  are  then  dried  on  ataesi  cylinders  or  by  "spray  drying". 

With  hydrocarbons  aa  substrates,  even  with  pure  name!  waxes  (paraffine)  , 
there  is  In  the  nutritive  aediua  a  scare  or  lees  Important  quantity  at  oil 
which  must  be  oaqplstaly  separated  fren  the  cells .  This  aspect  of  petroleum 
fsmeatatioo  has  not  bean  the  object  of  any  publication  that  we  know.  It  is 
nevertheless  of  oapttal  Inparfeenoe.  Ms  hare  Hatted  ourselves  to  study  it 
In  the  oeee  of  the  yeasts,  which  can  be  asperated  by  aserbrlfugstlan. 

The  year-  oells,  shaped  like  an  egg  end  baring  a  few  alcanas  of  disaster, 
era  the  agents  at  an  aeulsifloatlon  at  tba  type  of  water  and  oil.  The 
nutritive  aqueous  asdlun  ooatains  tsneioaotivea  (?)  which  result  fraa  the 
fermentation  end  which  are  the  agents  of  seuleifiaatlon  of  the  type  at  all 
in  the  water.  The  result  of  the  entegodetlo  eotlaa  at  those  agents  la  an  oh 
that,  vary  often,  e  substantial  part  at  the  eg  mows  eediaa,  which  Is  limpid 
and  separable  by  eeana  at  a  slsgls  deoaateticn.  There  remains  on  the  surface 
an  arils  ion  layer  which  ocotalns  tbs  oells.  As  separation  of  that  emulsion 
la  a  jsatrtfVft  with  three  Is  satisfactory,  Ism rths lass,  tbs  yeast 

cseam  Which  la  Obtained  end  vtloh  ooefeelea  10  to  20^  of  cells  in  agwona 
medics,  mist  again  be  washed  so  ee  to  eliminate  the  treoae  at  hydrooaihans 
wto ih  ere  still  present,  the  water  which  la  present  east  also  be  ridden  of 
the  salts  which  it  still  ooatains,  ee  wall  aa  at  other  Impurities.  Those  too 
ob  Jt  i:  ivsi  are  achieved  by  a  series  at  wash  Inga  in  water,  followed  by  csetrifugm- 
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Tba  find  drying  baa  a  capital  inportanca,  for  it  condition*  tba  quality 
of  tba  yaaat.  It  auat  ba  carried,  out  at  suoh  a  tsanparaturs  that  tba  oalla 
do  not  rarpaas  a  taaparature  of  100°C. ,  and  should  reach  It  for  a*  short  a 
lapse  of  tin*  aa  possible. 

khscibiou»ical  drwgsg 

A  considarabla  masher  of  aicro-organl  am  can  be  adapted  to  grew  on  hydro¬ 
carbons  aa  subetrates.  Most  of  than  preferably  oansuae  straight  para¬ 

ffinic  hydrocarbon* .  Tbay  saaa  to  igpors  cyclic  hydrocarbon* .  Tbs  isopara¬ 
ffin*  ginswl ljr  ara  not  attacked.  Tba  authors,  nsrvaxtbslesa,  have  round 
exceptions.  Tba  following  isoparaffins,  feafcly  rmiflad  —  2  mtbyltetrade- 
o ana,  2  aothyl-pantadacaoa,  2  arthyl-dodacaaa,  3  mthyl-pentadecane  --  ara 
alaarly  oxidised  by  certain  yaasts,  but  ths  raactloo  is  nub  slower  than  vitb 
paraffins  devoid  of  raatlfl action-  2  aathyl-trloosans  is  barely  touched. 

Aa  a  ocnaaquanoa,  tram  tba  practical  pout  of  view,  tba  adcro-orpanl  en* 
which  ara  atudiad  bara  aertaholiee  oca^plstsly  only  vitb  nomad  paraffins. 

But  tba  preesnos  at  other  claim  of  hydroeaifcona  dot*  not  tba  procast, 

and  that  ia  of  capital  laporta&oe . 

It  vaa  thus  interesting  to  baas  a  dewaxing  prooaaa  on  this  selectivity. 
Xhla  prooaaa  la  Halted  to  tba  coaava^tlon  of  nnmnl  paraffins  at  least 
xwrttl  0ft5,  tba  only  rsala  which  aa*  atadiad.  leavy  naphtas,  Veras  sees,  ptf 
oils  and  even  baavy  gas  alia  can  thus  be  davemd  with  considerable 
lapror— art  is  thalr  parfomaace  in  cold  teaperatuiea. 

Micro-blolodoal  dewaxing  of  cart* in  baavy  gmolle  and  epiadlsw  dam 
not  rndnea  in  an  squally  Usortut  fashion  tbalr  flow  point  vbsn  tbay  contain 
Isoparaffin*  vitb  a  high  fusion  point  vfcloh  ara  not  ■atabollaad. 
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.The  «aomrlfc  Iqportanc*  of  imxts|  at  aost  of  thoee  fractions  (sorts), 
which  ore  not  generally  devaxsd  hy  traditional  sethods,  lies  In  the  foot  that 
it  doss  not  produce  paraffins  for  vhich  it  would  be  difficult  to  find  an  ade¬ 
quate  outlet.  Instead  of  tiose  paraffins,  one  produces  concentrates  of  pro¬ 
teins  and  rit tains  of  a  greater  value  than  th^vt  of  the  paraffins,  and  corres¬ 
ponding  to  an  enonaeua  potential  need. 

arcane  axmesr  carried  car 

Suaeroua  alcroorganiiiaB  -  yeasts  and  bacteria  -  have  teen  adapted  to 
paraffinic  hydrocarbons.  A  selection  was  later  Bade  far  a  deeper  study  of 
the  factors  of  their  culture.  The  erlterim  which  was  adopted  was  the  ease 
of  their  separation  and  at  their  purification. 

m  the  present  stats  of  our  knowledge,  the  yeasts  exact o  ha  preferred, 
hut  it  la  not  sroludad  that  certain  bacteria  nay  ha  ohoeae  later  because 
of  their  Interesting  c<agnsltlon  in  tbs  aether  at  food  value. 

The  culture  at  the  selected  aiaro-organisaa  has  beta  studied  on  sub¬ 
strates  at  pure  nonal  paraffinic  hydrocarbons  aad  especially  an  fractions 
of  the  etaospbsrlo  distillation  of  orudaa  free  the  MM&le  Best  aad  fros  the 
•share,  as  well  as  on  certain  itregh  paraffiala  petrolsus  products. 

The  aaln  eork  eas  dons  an  cultures  discontinued  up  to  s  scale  cf  70 
Liters.  This  is  a  convenient  asthod  for  the  study  of  tbs  panaettri  of 
grewth.  Continued  cultures  are  also  proceeding .  They  allow  to  draw  very 
lapntaat  data  for  the  industrial  feraantsTi  nn  uhioh  eu*t  he  aada  la  a  coot  in- 


RESOLXS  AlftEADI  ACHIEVED 


1.  It  has  first  been  established  that  the  mathematical  lav  of  the 
gorvth  of  micro-organlsas  in  a  nutritive  medium  with  a  single  liquid  phase 
(2)  also  applies  to  that  growth  in  a  medium  of  tvo  miaclhle  liquid  phases. 

That  lanr  is  explained  by  the  formula: 

*t  +  *o  1  2rt 

vbere:  xQ  -  concentration  of  oells  at  the  instant  o 
•  coccentretioc  of  cells  at  the  instant  t 
r  -  rata  of  growth  »  umber  of  cellular  division*  par  hour 
Time  of  cellular  division  *  l/,  (generation  time) . 

In  oux  cultures,  va  easily  obtain  cellular  division  times  of  the  order 
of  k  hours,  nth  vide  variations  depending  on  the  conditions  used.  This 
expression  in  figures  of  the  speed  of  reproduction  of  cells  is  the  essential 

4  * 

.  tneracterUtlo  of  a  fernentatioo .  It  rules  the  calculations  of  the  nh—inal 
engineers ■ 

2.  This  nutritive  medium  of  the  pstroleua  fermentation  is  completely 
»  eyntbertlo.  in  that  it  differs  from  the  nutritive  mmdiva  of  traditional 

fermentations  from  oaihcn  hydrates,  derived  from  agricultural  products 
which  often  bring  in  snots,  potassium  and  also  sons  harmful  impurities 
which  must  he  eliminated. 

An  appropriate  nutritive  median  must  contain,  in  proportions  correspond¬ 
ing  to  those  existing  In  tha  cultivated  oells,  tbs  following  slmnsuts: 
mineral  smote  or  organic  axote,  phosphorus,  potassium,  magnesium-  Those 
elements  are  introduced  under  tha  fora  of  salts  or  at  compounds,  vMoh  art 
as  cheap  as  possible,  in  the  form  at  nhml  rml  fertllyiers.  Various 

formulas  are  possible,  which  depend  on  tbs  price  of  coemsrelal  products,  on 
tha  ability  of  the  ml  aro- organisms  to  comtii  them,  and  on  possible  In¬ 
compatibilities  . 
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Furthermore,  the  nutritive  medium  must  contain  the  oligo-elamenta 


necessary  t or  the  growth  of  the  mloro-organi  ewe ;  iron,  tine,  copper,  manganese, 
etc.  Those  ollgo-elsments  exist  in  the  freeh  waters  sal  in  see  water.  The 

waters  which  were  used  in  the  present  study  for  the  preparation  of  the 
nutritive  medium  apparently  contained  enough  of  them.  The  adding  of 
oartaln  among  them,  which  wee  made  «g  the  study,  apparently  did  not  result 
in  any  improvement  of  the  piroceee. 

3.  Temperature  la  a  capital  factor  for  the  growth.  Tor  each  miaro- 
orgaaism  there  la  an  optima  temperature  outside  of  which  the  time  consumed 
by  cellular  division  (splitting  of  cells)  becomes  prohibitive.  Those 
te^eratures  are  all  In  tbs  nelgjtfcarbood  of  2}  to  kO°C  and  mainly  towards 
30°S. 

Bison  the  fermentation  is  exothermic,  a  pooling  la  always  aeceaeary. 

k.  The  veoue  at  «>7|«  la  the  Halting  faster  In  the  cultures  of  micro- 
organ leas,  especially  on  substrate  of  hydrocarbons . 

In  fast  the  exceptional  law  of  growth  does  not  mke  It  possible  to  fore¬ 
see  say  Halt  to  the  oanoeotratlan  at  oells  in  an  sgaeoua  medium  if  one  feeds 
the  otils  with  the  needed  lone  and  If  no  poisoning  occurs .  The  neoeaeary 
oxygsa  seems  to  be  oeammetd  by  *ba  <mU<  in  a  state  of  dissolution  la  tbs 
water  of  the  indium.  The  limit  of  the  growth  is  therefore  find  by  the 
diffaiac  of  tbs  oxygen  of  the  air  in  the  medium,  m  fact,  one  imaohea 
oiaowtratiooa  la  aella  (cell  dame  it  lea)  of  10  to  85  C-  per  liter  of  sadism, 
vhijh  le  a  normal  figure  la  caavmatlcnal  femestetlcns . 

3.  Mdlng  of  hydrocarbons. 
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The  Celle  met  always  here  access  to  cornel  paraffins  which  they  need. 
But  there  suet  not  he  too  ouch  of  then,  far  the  ocegkoeitlon  of  the  cells 
then  chance*  for  the  worse.  Ob  the  other  hand,  if  there  Is  a  hie  excess 
of  hydrocarbons,  the  oil  phase  Caspers  the  access  to  the  cells  for  mxtrl- 
tive  salts  and  oxygen,  producing  a  sort  at  choking. 

6.  Yields 


100. 


This  yield  depends  naturally  os  the  content  at  ant  shall  sad  hydrocarbon* 
of  tbs  patrols*  fraction  which  is  treated,  that  la  Its  paraffin  content. 

In  practice,  with  tbs  paraffinic  gas  oils  which  hare  been  studied,  it 
fluctuates  between  6  end  19)1  end  sonatinas  wan. 

But  for  ecoacaslo  calculations  the  figure  LOg  met  be  adopted  —  which 
eases  that  10  tans  at  css  oil  yield  hy  fexeeatstian  1  ton.  at  dry  cellular 
aattsr  and  9  tons  of  dewaxed  gasoil. 

7.  Beauts  of  daeadng 

One  will  find  below  seas  typical  results  relative  to  gas  oil  with  high 


outflow  point . 


p 


Tab  X.  Baaulta  of  4a-vaaeing 

Oriels  taraaltlna  Xrak(?)  Kuwait  Irak(?)  Haaal-Nacaaood 

datlllatlaa 


Beginning  °C  305 

ITS 

221 

823 

198 

244 

270 

235 

204  276 

5# . °c  327 

380 

348 

366 

361 

307 

328 

294 

313  335 

906 . °c  - 

- 

- 

- 

- 

351 

353 

365 

355  363 

final  point.  °C  351 

1(00 

390 

400 

400 

371 

367 

394 

300  379 

Paraffin  in  6  par  valght* 

baforw - 13-3  IX. 6  13.2 

14 

8.8 

7.65 

9.5 

3.2 

4.5 

5.6 

aftsr . 0.2  ^.k 

0-5 

1.4 

0-9 

0.4 

0.3 

0.6 

0-15 

0.19 

Outflow  point  °(f* 

hafora  -8  *a6 

+11 

•*22 

♦17 

-1 

♦5 

-1 

+2 

♦5 

aftar  -25  +3 

-24 

.16 

-20 

-*5 

-J4 

-37 

-37 

-34 

jmtarlal  yiald  la 
dry  oallalar  aattar 

$  par  vaigbt  12.5  8 

13.8 

T-8 

811 

15.8 

28 

8.5 

12 

9.3 

*doaad  by  coo  Hog  la  Mtfcylaaa  ehlorida  aadiu*. 


acawaitt  tumrmxmm 

Ttaa  oQkriMM  aeg*lr*4  is  tha  awttar  of  patrolaoa  far— tafclaa  aad  Ut 
at\-4ir»  of  chaadcal  anginaarlag  which  ham  baan  carrlad  out  Hitt  it  poaafbla 
to  oonatlT*  inftuwtrial  unit  fear  a  ccartinuoua  fazantetiao  of  pwtroLras 

fraerrioos  Sparta)  fear  tha  puurpoat  of  prataciag  cal  talar  wattar  far  tht 
uttrUlwHt  of  «b<hU  and  latar  of  aac,  and,  at  tfaa  mb  tlaa,  to  thoroughly 
4»>vax  thoaa  fraotlooa  (part*). 

rigura  1  rapraaanta  a  rary  alapUflad  achana  of  ruota  a*  ioataJJLaiioe. 

Ita  prrriou*  paga*  art  tufficiaotly  kq licit  far  uadarrtaadlng  it. 
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finunu  cor 


eriw  of  yoasc 


drylo* 


la  order  xo  ascertain  certain  elements  which  are  still  needed  for  a  final 
achievement  of  the  industrial  stage,  a  semi- Conner  dial  unit  Is  being  built 
at  lavaia  refinery.  That  unit  vill  provide  information  shout  the  chemical 
engineering  of  the  project .  It  will  sake  it  possible  to  study  (the  process) 

on  a  sufficiently  big  scale  for  transferring  on  blueprint  the  knowledge  ac¬ 
quired  in  the  laboratory.  It  vill  produce  sufficient  quantities  of  cellular 
matter  for  extensive  studies  of  nutrition  on  Important  mmfcere  of  animals. 
Those  studies  mist  precede  any  lndust rial- ■  cals  production. 

IHVE33QEKCS  AND  MARUFACTUBUKr  COSTS 
A  preliminary  study  has  heeu  made  of  this  subject  and  it  coonends  the 
future  of  u^ia  process. 

The  evaluation  has  been  baaed  on  a  oontlnuoue  unit  prodnoing  50  tons 
per  day  of  dry  cellular  matter.  Shat  unit  processes  500  tone  of  gasoil  par 
day  end  returns  to  Industry  450  tons  of  dewaxed  gasoil  par  day. 

That  preliminary  economic  study  Indicates  that  the  process  is  financially 

interesting  and  that  the  eventual  profit  derives  about  equally  from  the 

production  of  protein  end  vitamin  concentrates  and  frost  the  ds -waxing  of 
gasoil. 

The  upgrading  as  angina  fuels  of  high  fluidity  gasoils,  which  are  only 
usable  as  part  of  residue  fuel  oils,  must  be  calculated  for  each  particular 

oua  of  any  refinery. 


PROEHH-TEE/OClS  ocbcduraib 

This  is  tbs  name  vs  give  to  the  oaXluiar  matter  of  the  adoro-organlsns 


cultivated  on  petroleum  sat  states . 


The  choice  of  stocks  of  micro-organisms  end  the  conditions  of  their 
cultivation  make  it  possible  to  produce  protein-vitamin  concentrates  of 
different  composition.  The  final  selection  will  only  be  made  thanks  to  the 
jani-ccaaercial  unit. 

Nutrition  science  provides  us  vlth  the  information  necessary  to  inter¬ 
pret  the  composition  of  those  concentrates.  Man  and  farm  at  1  male  need  & 
balanced  diet  containing  veil -established  proportions  at  glucids,  lipids 
end  proteins,  vlth  mineral  elements  such  as  phosphorus  and  calcium,  plus 
a  great  variety  of  vitamins. 

The  deficiency  in  the  single  one  of  these  components  is  enough  to  cause 
more  or  less  serious  troubles  for  the  physical  and  mental  health  of  indivi¬ 
duals. 

The  growth  of  the  world  population,  the  geographical  diversity  of  the 
conditions  of  life  the  generalisation  of  monoculture,  are,  among  many 
others,  the  reasons  of  the  under-nourishment  at  a  grant  part  ccf  tha  human 
race.  The  lack  of  animal  proteins  is  oertaialy  the  most  vidaspraad  form 
of  malnutrition  and  the  one  it  is  most  difficult  to  remedy. 

Proteins  exist  in  appreciable  quantities  in  the  grains  —  wheat,  asixs, 
riot,  etc.  —  which  are  the  basic  food,  often  the  only  one,  at  tha  most 
pert  of  tha  poor  populations,  or  of  populations  unaware  of  their  food 
requirements .  But  those  proteins  are  tragically  poor  In  aertala  amino- 
acids  indispensable  to  life  —  those  which  the  human  body  cannot  produce 
by  synthesis.  Only  animal  proteins  contain  those  nino-aoldi  in  sufficient 
quantity  and  in  required  proportions.  But  It  so  happens  that  most  nlerc- 
orgsaismi  also  affect  that  synthesis,  vlth  e  distribution  approaching  what 
which  exists  saoag  ^aai  proteins . 
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Cable  3  gives  the  global  composition  ccf  a  typical  concentrate  of  proteins 


and  vitamins  prepared  at  Lavera. 


Table  2.  Investments  and  Production  coats 

l!  Yearly  production  (900  utilisation .  Production:  50  T/dey 

16,400  T.  (too*) 

2.  Investment . .  Hew  Franca:  12. 5  million 


3«  Yearly  expenditure... 

HP  X  1000 
per  year 

hp/t 

produced 

Amortisation 

100 

1,250 

76.2 

Salaries : 

Operatives . . 

2  men  X 

2  Jobs 

160 

Handling;. . . . . 

2  men  X 

4  Jobs 

104 

21.5 

Supervision. . . . 

.  330 

88 

Upkeep  (maintenance)  (manpower  and  30  of  maintenance 

supplies) 

375 

22.9 

Abilities 

Energy..... . . 

18.5  x  106  1,295 

Steam  (l  kg) . . 

.  5ST/E 

IB, 500 

93 

Coding  water  (from  sea) .  0.02  HF/e 

4.6  r,  w6  9e 

142.6 

Process  water  (fresh)  0.24  W/*  923  X  103 

222 

Fuel . 

7070 

636 

Chennai  products 
(nutrition  medium) . . . 

AOftording  to  prion 
at  fartilysar 

3,280 

200 

Cot  rued  pa  oils . . 

9c  «r/E  i6,4oo 

5., 476 

.90 

incidental* . . 

-H2— 

—Big 

Total  (without  taxes  at 

interest) 

9,621 

586.7 

D 


labia  3. 

HP  concentrate  of  vitamins  and  proteins .  global  Composition 
[grans  per  106  grams} 


Moisture .  7*03 

Total  azote . . . . .  6.92 

Proteins .  43.6 

lipids .  18.5 

OlAcifii  (Starch) . . . 21.9 

Ashes .  4.43 

Calcium .  0.211 

Phosphorus .  1.250 

Potassium .  O.5OO 


Tails  #4  presents  in  detain  the  distribution  of  Indispensable  smino- 
aclds  present  In  this  concentrate,  in  comparison  with  those  contained  in  a 
variety  of  foodstuffs. 

Although  the  Interest  of  tbs  gin 61  Os  and  lipids  contained  as  food  Is 
not  insignificant  (  It  Is  the  high-grade  proteins  and  the  vitamins  soluble 
in  water  vhlob  represent  the  value  of  this  nsv  food. 

Table  #4  shears,  first  of  all,  that  vhaet  proteins  are  gravely  deficient 
in  lyoin.  This  amino-acid  is  to  he  found  in  sufficient  proportion  only  in 
animal  proteins:  Mat,  fish,  mill  end  yeast.  "Iycin  Is  especially  the 
growth  limiting  factor  for  the  an  1  male .  The  gtiis  proteins  are  woefully 
poor  in  lyoin  3"  except  in  the  soya  bean,  the  result  Is  that  no  grain  is 
without  a  supplement,  a  good  food  for  cattle  end  other  herds,  or  for  aaii- 

Xn  the  countries  where  the  population  suffer  of  undsraocrishisant  in 
proteins,  supplementing  grains  with  lysine  is  in  order1*. 
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Tab  la  4.  Composition  of  Proteins  of  various  dry  foodstuffs 


£  proteins  in  dry 
foodstuff 

Wheat 

flour 

Beef 

Cdv'e 

Bilk 

Dry  Torula 

yeaet 

BP  Protein-Vitemin 
concent rates 

13-2 

59-4 

33.1 

44.4 

43.6 

rSDlHPBMBUQlB 

amino-acids 

in  g./lOO  g.  proteins 

(3) 

(3) 

(3) 

(5) 

Leucine 

7.0 

8.0 

11. 0 

7.6 

7.0 

Tsolouoin 

4.2 

6.0 

7-6 

5-5 

3.05 

Valin 

4.1 

5-5 

7.05 

6.0 

8.40 

Threoola 

£.7 

5-0 

4.7 

5-4 

9.10 

Methloaln 

1-5 

3-2 

3-2 

0.8 

1.20 

Cyst  in 

1-9 

1,2 

1.9 

1.0 

0.10 

lye  In 

1.9 

10.0 

8.7 

6.8 

11.6 

Arginin 

4.2 

7-7 

4.2 

4.1 

8.0 

Histidin 

2.2 

3-3 

2.6 

1-T 

8.10 

tbanylalanln 

5-5 

5.0 

5-5 

3.9 

7-90 

Tryptophane 

0.8 

1.4 

1.5 

1.6 

1.17 

IWIOT  (8) 

ETBnr 

orsrxM  ♦  xxmurur 

The  proteins  of  the  new  ocnoentrate  are  related  to  sniol  proteins  and 
acre  closely  to  those  at  yeast.  Xn  particular,  its  richness  in  lye  in  end 
threooln  is  remarkable,  but  it  is  deficitary  in  sulfureted  aei  no -acids: 
utblooin  and  aystin,  which  are  contained  in  sufficient  quantities  in  the 
•raise. 
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The  association  of  grain  proteins  and  of  proteins  of  the  protein -vtt^ucin 
concentrate  therefore  makes  it  possible  to  achieve  a  sufficiently  balanced 
diet  in  proteins  both  for  an-iwsta  and  for  people. 

Beside  the  indispensable  proteins,  the  presence  at  a  crest  variety  of 
hydrosoluble  vitamins  (soluble  In  water,  that  is),  prlnaipally  of  those  at 
■roup  B,  it  a  very  favorable  factor  (table  5). 


Table  5-  Vitamins  soluble  in  water 


PZHIDOm 

B6 

COBAIAKIS 

B12 

TSjJuQJi  RIBOFIAVIB  HIWTIMC 

ACID 

B1  B2 

PAKTCGHMIC 

ACID 

MOIX 

8DSAM  MS- 
T JSBO  IBM 

0001*008- 

XATTOBB 

oaanaxxoa 

TIUBtRB  ACBTTUKOm 

car  ss  BiwruBiB  thabbaicb- 

VAZ  ARBS  Affiav 

rocs 

DAX2Z 

RATZOI 
in  MG 

2 

3 

15 

3 

2 

0.01 

EPIECT  OP  bari-beri 
LACK  nenritee 

3T0P  OF 

aaown 

PELIAQRA 

STOP  OF 
GROWTH 

HBonns 

IWEIC3- 

CIOCB 

AIBGA 

YOOWUlf  8 

Beef 

1-3 

e 

40-100 

7-21 

1-4 

ox-  liver 

5-10 

16 

73-875 

30-60 

3 

8 

milk 

0.3-0. 7 

1-3 

1-5 

1-4 

1-3 

Crains 

0.5-7 

1-1.5 

ID- 30 

5-ao 

3-6 

oil-cakes 

dry  yeast 

7-lA 

2-20 

(*) 

3-10 

J0-60 

10-250 

200-300 

12-50 

30-200 

40-30 

BP  FB0ZB3X- 
V2SAH2B  COB-  J-16 
QBRIUGBB 

(*) 

73 

iflo-aoo 

130-192 

23 

o.u 

TEt  AMDOCS  OF  VHAKBS  ARE  ItflllM)  H  a«  TO  kg.  EL?  AS  SRAM!  FKH 
ZE1  MAS  JQRK0CSB  (3),  (6),  (7). 

(x)  DCTO6  3t  TEE  OOEBTflMB  OF  TEE  THOU  IHf3» 
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?he  foods  as gambled  for  stock-raising  are  Bade  up  of  mixtures  of  grains 
or  flours  of  breadstuff*,  of  oil  cakes,  etc.  to  which  has  been  added  fish  or 
seat  flour  in  order  to  cooplsta  the  ration  of  high-grade  proteins .  One  an at 
furthermore  Include  growth  vitamins,  which  era  often  Obtained  "by  mains  of 
synthesis. 

She  make-up  of  the  protein-vitamin  concentrate  shows  that  it  can  bring 
to  those  compound  foods  both  indispensable  proteins  and  growth  vitamins.  Its 
richness  in  riboflavin  (B2)  and  in  pantothenic  acid  gives  it  an  exceptional 
value  from  this  point  of  view. 

m  this  concentrate,  an  wall  as  In  the  yeasts,  vitamin*  are  aeaoeiatmd 
with  other  growth  factors  of  unknown  coca ltut loo,  and  this  compound  renders 
aasler  the  asslml  Utica  of  proteins  hy  a  synergy  of  action  vhoee  effect  la 
superior  to  that  of  Isolated  or  synthetic  vitamins  J 

As  to  the  benef  ioient  effect  innate  in  those  vitamin*  regarding  human 
health.  It  will  be  reoellmd  that  in  1943-1944,  in  U.I.A. ,  the  enrlahlng  at 
wheat  flair  in  11,  >3  end  It  mss  married  out  through  Oorenmas*  decision. 

Zb  1947-1950  in  the  Vhllipplane  the  enrichment  of  rice  with  11  brought  about 
the  disappearance  of  beri-beri  (3). 

The  eooeentrete  aey  suit  the  aourlstmt  of  at  00k,  tape  daily  for  the 
raising  of  young  an  Inals:  chicken,  calves,  pigs,  etc.,  by  providing  high- 
grade  protein*  end  growth  vitamin*  at  a  doe*  of  3  to  9^  in  the  mixed  food*. 

The  Introduction  of  a  new  protein-vitamin  ooaoeatrmte  into  kmu  diet 
naturally  does  not  present  mi  oh  interest  in  larcgaan  countries  which  have 
abundant  meat  supplies  and  would  run  against  their  astlim  habits;  but  It  can 
bring  a  notable  contribution  in  hdgi-gzada  (’befeln")  proteins  to  nations  of 
Asia,  Africa  and  South  Amarine  which  suffer  of  uadaroourlelnefit  for  Instance 
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"by  introducing  tbm  into  the  grain  flour,  or  is  the  farm  of  extract*  to  be 
added  to  troths . 


BIOLOGICAL  TBSTS 

The  preceding  considerations  vould  be  naught  bat  sterile  speculation 
of  the  proteina-vltaaina  concentrates  vere  not  aaslallable  vlth out  any 
harm  to  health. 

Biological  testa  are  being  carried  out  on  animals  alooe  a  few  months . 
Those  preliminary  experiment a  provide  indications  of  toxicological  and 
nutritional  nature  which  guide  us  In  our  task  to  iaprove  the  proteins- 

Yitaains  concentrate* .  The  results  are  already  sufficient  to  persuade  us  tc 
continue  our  efforts  vlth  Msfldtsoe. 

Bat  that  la  not  eaffieleat. 

Uban  eufflcient  goantltles  of  concentrates  are  available,  nutrition 
tests  will  he  made  an  significant  maters  at  rets,  (ulnae -pigs,  dags,  etc. 
end  that  during  several  generations,  vlth  period! onl  autopsies.  Those 

tests  will  be  directed  by  the  highest  science  authorities. 

Tboee  experiment*  ere  elan  undertaken  cm  farm  animal* :  evlna,  oalvee, 
chicken,  etc. 

It  hea  already  been  established  that  our  ooaoeetretes  have  the  value 
of  fish  flour  In  the  foods  prepared  fear  chicken. 

But  It  Is  only  after  caepLste  end  significantly  favorable  results  that 
owr  oaaoeetnrtee  will  be  used  ocBerelaiiy. 
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ECONOMIC  CQRSHEBAIXORS 
1.  Nutrition  of  ululi. 

The  Industry  concerned  vith  the  production  of  foodstuffs  far  animals  is 
very  iaportent .  Tts  gross  In  tbe  tJBA  la  of  the  order  of  3,000  millions  of 
do  Hare  par  year. 

The  providing  of  "nob la"  proteins,  sad  especially  of  growth  vital  ns 
for  those  food  compounds  any  he  achieved  vith  the  vitamin*  -proteins  concen¬ 
trate,  as  it  is  sometlac*  achieved  vith  yeast  at  a  dose  of  3f> 

Tbe  anrkart  for  It  la  conaldarabls  and  la  proving  rapidly 
Far  the  adding  of  antes 1  proteins  to  thoaa  foodstuffs,  the  Tapia  of 
fish  four  la  typleal 

Peru's  production  in  19Jb .  lb,000  T.  (tons) 

Peru's  production  la  1$62 .  800,000  T. 

Vorld  production  In  1962 .  2  Billion  tons 

The  concentrates  of  proteins  end  vitanin*  drawn  fron  petroleum  any  aspect 
•  elBllar  dsvwlopaect 
Preen  nutrition. 

The  «1n lam  daily  need  la  animal  protein*  le  of  30  gram  fear  adults,  of 
40  t;  70  *r.  tar  perefoant  woman,  vet«aureee  and  children  (8).  According  to 
tboas  figures  the  yearly  &dbel  deficit  in  animal,  proteins  Bay  he  computed  at 
3  million  tans ■  ^  This  ooorreapanda  to  13  million  tau  at  masala  meet.  It  la 
unlikely  that  the  triaging  into  cultivation  of  new  leads  to  ha  followed  by 
the  raising  of  animal  stocks  adapted  to  varloua  dlamtaa  would  eahirve  vuefa 
e  production  within  a  delay  of,  **y,  AO  years.  But  the  current  world  popu¬ 
lation  of  3  billion  will  probably  double  within  kO  years;  end  within  20  years 
it  will  he  boosted  by  one  billion.  That  shows  the  1—  di  ets  Inyortanoa  of 
tbe  problem  which  petrolam  may  oontribute  to  solve. 
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With  a  ton  of  normal  paraffine,  Vhioh  has  not  prerrlously  been  separated 
from  the  petroleum  which  It  contains,  It  Is  possible  to  produce  a  ton  of 

protelc-vitaaln  eoneant rates .  The  corresponding  fractions  of  petroleum  ars, 

to  that  effect,  dewaxed  and  upgraded  if  their  choice  Is  veil  done. 

For  a  yearly  production  of  1,000  million  tons  of  crude  oil,  one  can 
admix  that  TOO  art  lit  oa  tone  are  paraffinic  oil.  The  product  loo  of  7  at  13-ion 
tona  of  protein* -vitamlna  aoaoeot rate i ,  equivalent  to  3  allHon  tons  of  pro¬ 
teins,  would  consume  1)1  of  those  TOO  million  tons  of  crude  oil.  The 

resources  therefore  exist,  in  a  most  abundant  fashion,  today. 

On  the  other  hand,  the  contribution  of  fish  flour  conveniently  de-fatted 

aay  constitute  a  parallel  remedy  against  the  lank  of  animal  proteins.  Both 
raeourcaa  are  not  superfluous  fee  future  needs. 

The  daisy  needed  for  Wilding  installations  for  patrolsua  fa rean tattoo 

is  a  matter  of  1  to  2  years.  Compering  the  speed  of  the  production  of 
proteins  in  those  factories  with  test  achieved  by  nature  in  the  traditional 
stock-raising  farms,  one  can  see  that  the  industrial  production  is  2500 

times  faster: 

An  oa  of  900  ha,  properly  nourished  on  a  craning  land,  syathstlsas  O.J 
kg  of  protein  par  24  hours.10 

500  kgs  of  living  oalli  of  microorganisms  In  a  ooetlsuoos  ferment «t or, 
receiving  suitable  nutrition  in  hydrocarbons,  azote,  phosphorus,  potassium 
sad  air,  nurt  produce,  according  to  our  experience,  2,500  kgs.  of  microorgan- 
leas  per  24  hour*,  or  1,250  kgs  of  protelaa. 

The  mmole  meet  ocotalne  a  mart—  of  200  of  proteins,  eo  that  aaat 
proteins  cost  $  ttaee  the  prior  of  meat .  Preliminary  eoooamlo  studlas  show 
that  petroisua  fermentation  protsins  could  be  produced  s';  a  pries  varying 
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betv*cn  i/5  and  1/30  ".bat  of  uat  proteins  at  current  French  prices . 

Furtifcrmore,  proteins  produced  in  the  oil  refineries  existing  in  uncLer- 

ncari-shed  countries  would  he  paid  in  local  currency,  saving  the  expense  for 
the  inport,  of  such  pruducrts  that  would  he  paid  in  strong  currencies. 

tic*  11  now  a  source  of  energy,  then  of  chemical  products,  petroleum  tea 
this  heoxoft  capable.  In  competitive  conditions,  to  became  a  source  of  >rtgh*r 

("noble")  foodstuff*.  It  can  also  contribute  to  solve  the  number  one 
problem  of  cur  time:  hunger. 
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